Introduction
Endovascular treatment of a pregnant patient constitutes additional radiation risk to the foetus, owing to the increased radiobiological sensitivity of foetal cells. 1 Risk reduction is important to minimise stochastic effects.
Case report
A 36-year-old female patient, who was 20 weeks pregnant, was referred to the Universitas Academic Hospital in Bloemfontein, with a suspected left internal carotid artery (ICA) aneurysm. She presented with a chronic headache and dysphasia. Magnetic resonance imaging (MRI) was performed, showing a left ICA aneurysm and infarction, which was possibly related to emboli from the aneurysm. The patient was counselled regarding treatment options. The possible adverse effects of the radiation on her baby, and their mitigation, were explained. A four-vessel cerebral angiogram was performed on the patient, and a left paraclinoid aneurysm, which appeared to be superiorly projecting, was demonstrated ( Figure 1 ).
It was recommended that the patient undergo an endovascular stent-assisted repair, as open surgery would pose a high risk to the unborn. The multi-lobulated dome made rupture likely and allowing the pregnancy to continue without the treatment of the aneurysm could have serious consequences.
Before the procedure, a medical physicist was consulted to determine the radiation protection measures required to protect the foetus. Accordingly, a RADOS RAD-60 personal alarm dosimeter with a measurement range of 1 µSv to 9.99 Sv was placed on the patient's abdomen with the limit set to 1 mSv (annual dose limit for a member of the public). A lead apron, with 0.25 mm lead thickness equivalence, was placed under the patient's abdomen, and an additional lead apron, with 0.35 mm lead thickness equivalence, was placed over her abdomen and over the alarm dosimeter, thus shielding the foetus. This was used as a precautionary measure to ensure that the dose, from sources external to the patient, to the foetus, is negligible. Internal scatter cannot be modified, and as the radiation is to the head in this case, internal scatter is assumed to be minimal at the fluoroscopic energies used.
Ultrasound-guided puncture was made in the right femoral artery, and a 6F sheath set was placed. Via exchange, a 6-F-guiding catheter was placed in the left ICA after which a micro-catheter was placed passing the aneurysm to the middle of the cerebral artery. A second micro-catheter was then placed in the aneurysm. Via the first micro-catheter, an endovascular remodelling device of size 4 mm × 20 mm was placed covering the aneurysm neck. Via the second micro-catheter, the aneurysm was then successfully embolised with seven detachable coils. The control angiogram demonstrated no aneurysmal flow, and all vessels were patent ( Figure 2 ). The stent was detached, and the catheters and guide catheter were removed. The sheath was left in place and removed when clotting was normalised.
A 36-year-old female patient, 20 weeks pregnant, was diagnosed with a left internal carotid artery aneurysm. Fluoroscopically guided repair was justified. A four-vessel cerebral angiogram was performed, and a left paraclinoid aneurysm was demonstrated. The patient subsequently underwent endovascular stent-assisted berry aneurysm repair. As the patient was pregnant, the procedure was preceded by consideration of the required radiation protection. The foetal dose was estimated as negligible. Active management of foetal exposures may improve radiation protection during pregnancy.
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Foetal radiation exposure was limited by using fluoro roadmaps, minimal angiogram exposures, pulsed fluoroscopy and shielding the abdomen. The alarm dosimeter reading after the completion of the procedure was 1 µSv. The exposure parameters and dose area product (DAP) values were recorded (Table 1) .
DAP meters are widely used in interventional X-ray units, however, the radiation hazard cannot readily be obtained from the DAP value. Kisielewicz et al. formulated a relationship to estimate the patient entrance surface dose (ESD) from the DAP values. 2 This relationship, however, can only be used as a guideline because the parameters used in this case and that used by Kisielewicz et al. differ to some extent. Using this relationship, the patient ESD, after the four-vessel angiogram, was 100.82 mGy and for the endovascular stent-assisted aneurysm repair was 826.45 mGy, which was found to be 23.67% of the diagnostic reference level (DRL) used in our Department.
The ESD values calculated the approximate entrance dose. This was predominantly to the patient's head. To calculate the foetal dose, the uterine dose was calculated using PCXMC ® software for calculating organ and effective doses in radiography and fluoroscopy examinations. This Monte Carlo-based method was developed by STUK (The Radiation and Nuclear Safety Authority in Finland). 3 The software assumes a patient height of 178.6 cm, weight of 73.20 kg and age of 30 years. The software calculated the total uterine dose, which was used as a surrogate for dose to the foetus as being at the background level. 
Ethical considerations

Discussion
The International Commission on Radiological Protection (ICRP) Report 84 defines several situations in which radiation use is appropriate. 4 Any examination or therapy involving radiation exposure of a pregnant patient should be justified and optimised, however negligible the radiation exposure might be. 5 In this case, the aneurysm appeared to be unruptured, but because of the multi-lobulated dome, rupture was considered likely. Allowing the pregnancy to continue without aneurysm repair could have had serious shortterm consequences -thus, the procedure was justified. For optimisation, clinical purpose should be achieved with a minimal radiation dose delivered to the foetus. 4 Here, the dose was reduced by using appropriate radiation protection, including fluoro roadmaps, minimal angiogram exposures, pulsed fluoroscopy and shielding. The dosimeter confirmed that the doses measured were indeed minimal.
According to the ICRP, prenatal doses from most diagnostic procedures conducted properly will not cause any adverse effects to the foetus. Dose-dependent exposure risk depends on gestational age, being maximal during organogenesis and the early foetal period. 1 The current acceptable cumulative dose of ionising radiation to the foetus is 50 mGy, 4 but current data suggest that there is no increase in the incidence of gross congenital malformation in humans during pregnancy at doses less than 200 mGy. 6 In this case, the foetus received doses well below these threshold values.
Conclusion
This case report demonstrates that radiation protection measures can be successfully employed for pregnant patients requiring head and neck interventional procedures, and it was used to educate and reassure the interventional team. Adequate shielding of the abdomen and good technique gave the team confidence that there would be a negligible dose to the foetus, well below the threshold values for increased risk.
